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[Title of Invention] 

SOLID COMPOSITION WITH SOLUBILITY AND ABSORBABILITY IMPROVED 
[Abstract] 

The present invention relates to a solid composition, 
comprising an amorphized, ultra- sparingly water-soluble drug 
having a solubility of less than 10 jag/ml, a polymer base 
and a nonionic surfactant, which when dispersed in a liquid, 
can form microparticles having a particle size of 10 jam or 
less and comprising the ultra- sparingly water-soluble drug 
kept in a amorphous state, and which can improve the 
solubility and the absorbability of the ultra- sparingly 
water- soluble drug. According to the solid composition of 
the present invention, the ultra- sparingly water-soluble 
drug is eluted from the microparticles so that the 
absorption of the ultra- sparingly water-soluble drug through 
the digestive tract is improved. 
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[Claims] 

1. A solid composition with solubility and absorbability 
improved, comprising an amorphized, ultra- sparingly water- 
soluble drug having a solubility of less than 10 j^g/ml, a 
polymer base and a nonionic surfactant. 



2. The solid composition according to claim 1, wherein when 
said solid composition is dispersed in a liquid, said solid 
composition forms microparticles having a particle size of 1 
Hm or less and containing the ultra- sparingly water- soluble 
drug kept in an amorphous state. 



3. The solid composition according to claim 1, wherein said 
solubility is a solubility in water, the Japanese 
Pharmacopoeia first fluid or the Japanese Pharmacopoeia 
second fluid, all at a temperature of 37°C. 



4, The solid composition according to claim 1, wherein said 
solid composition comprises 1 part by weight of said ultra- 
sparingly water-soluble drug, 0.5 to 20 parts by weight of 
said polymer base, and 0 . 1 to 3 parts by weight of said 
nonionic surfactant . 



5. The solid composition according to claim 4, wherein a 
weight ratio of said polymer base to said ultra- sparingly 
water-soluble drug is 1 to 10. 

6. The solid composition according to claim 4, wherein a 
weight ratio of said nonionic surfactant to said ultra- 
sparingly water- soluble drug is 0.25 to 1.5. 

7. The solid composition according to claim 2, wherein said 
microparticles comprise 1 part by weight of said ultra - 
sparingly water-soluble drug, 0 . 01 to 1 part by weight of 
said polymer base and 0.1 to 0.5 parts by weight of said 
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nonionic surfactant . 

8. The solid composition according to claim 7, wherein a 
weight ratio of said polymer base to said ultra- sparingly 
water-soluble drug is 0.1 to 0.6. 

9. The solid composition according to claim 7, wherein a 
weight ratio of said nonionic surfactant to said ultra- 
sparingly water-soluble drug is 0.1 to 0.4. 

10. The solid composition according to claim 1 or 7, 
wherein said polymer base comprises one or two or more 
selected from water-soluble polymers and enteric polymers. 

11. The solid composition according to claim 10, wherein 
said water-soluble polymers comprise one or two or more 
selected from hydroxypropylmethylcellulose, 
hydroxypropylcellulose, methylcellulose and 
hydroxyethylcellulose . 

12. The solid composition according to claim 1 or 7, 
wherein said nonionic surfactant comprises one or more 
selected from polyoxyethylene hardened castor oil, 
polyoxyethylene sorbitan higher fatty acid esters and 
polyoxyethylene polyoxypropylene glycol. 
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[Description] 

SOLID COMPOSITION WITH SOLUBILITY AND ABSORBABILITY IMPROVED 



Technical Field 

The present invention relates to a solid composition 
comprising an amorphized, ultra- sparingly water- soluble drug 
having a solubility of less than 10 ng/ml, a polymer base 
and a nonionic surfactant. The solid composition can 
improve the solubility of an ultra- sparingly water- soluble 
drug and the absorbability of the ultra-sparingly water- 
soluble drug through the digestive tract, by forming stable 
microparticles having a particle size of 1 jxm or less when 
dispersed in a liquid such as water or a buffer solution. 



Background Art 

Sparingly water-soluble drugs are generally difficult 

to be absorbed through the digestive tract such as 

gastrointestinal because of their low solubility in the 

digestive tract. 

Furthermore, some of the sparingly water-soluble drugs 

have pH-dependent solubility. For example, some drugs have 
high solubility in an acidic region (pH in the stomach) , but 
have low solubility in a weakly acidic to weakly alkaline 
region (pH in the intestine) . Moreover, since the pH in the 
digestive tract varies with individuals (particularly, the 
intragastric acidity) and is also affected by the diet, 
there may occur large imbalance in the bioavailability of 
sparingly water-soluble drugs. 

Because the sparingly water-soluble drugs have low 
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bioavailability in many cases, it is necessary to provide 
formulation processing for improving the solubility of the 
drugs in a broad range of pH regions corresponding to the 
interior of the digestive tract, for example, in regions of 
pH 1 to 8. 

To improve the solubility and absorbability of these 
sparingly water-soluble drugs, (1) a method of micronizing a 
drug by pulverization, (2) a method of forming a solid 
dispersion of a drug together with a polymer base, (3) a 
method of forming a soluble complex of a drug together with 
cyclodextrins, and the others are generally known. 

In the method of micronizing a drug by pulverization, 
there is a limit in the size for micronization. 

Further, when the micronized drug is dispersed in 
water, the method has disadvantages such as that the 
particles aggregate, or the particles are not easily 
wettable. 

In the method for forming a solid dispersion of a drug 
with a polymer base ( JP56-110612A, JP54-2316A, JP54-46837A, 
and the like) , when the solid dispersion is dispersed in 
water, the solubility is temporarily increased- However, 
since the drug does not form microparticles , the method has 
a drawback that after a lapse of certain time, the drug 
precipitates and the solubility is decreased. Also, when 
the drug concentration in the solid dispersion is high, the 
method is disadvantageous in that the solubility of the 
polymer base is decreased so that the solid dispersion does 
not exhibit sufficient absorbability by oral administration. 
In the method for forming a soluble complex of a drug 
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with cyclodextrins, since the formation of complex depends 
on the structure of the drug or the like, some drugs may not 
form complexes. 

Heretofore, there have been numerous reports on the 
research of nifedipine as a typical example of sparingly 
water-soluble drugs. The inventors of the present invention 
classify those sparingly water-soluble drugs having poorer 
solubility than nifedipine into ultra- sparingly water- 
soluble drugs. In the present specification, specifically, 
sparingly soluble drugs having lower solubility than that of 
nifedipine, that is, a solubility of less than 10 jag/ml, are 
defined as ultra- sparingly water-soluble drugs. Methods for 
improving the solubility of these drugs or improving the 
bioavailability of these drugs are not yet known. 



Disclosure of Invention 

The inventors of the present invention have devotedly 
conducted a research on the solubility and absorbability of 
ultra- sparingly water-soluble drugs, and as a result, found 
that a solid composition comprising an amorphized, ultra- 
sparingly water-soluble drug having a solubility of less 
than 10 fig/ml, a polymer base and a nonionic surfactant, can 
form, when dispersed in a liquid such as water, stable 
microparticles having a particle size of 1 jj.ni or less and 
keeping the ultra- sparingly water-soluble drug in an 
amorphous state for a long time, and thereby a solid 
composition can have excellent absorbability through the 
digestive tract. 



Thus, the inventors have completed the 
present invention. The solid composition according to the 
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present invention provides an improvement in the decrease m 
the dissolution rate of conventional solid dispersions, or 
in the decrease in the solubility of drug, accompanied by 
drug precipitation, after a lapse of certain time. 

Hereinafter, the present invention will be described 

in detail. 

The mechanism of absorption in vivo of the ultra- 
sparingly water-soluble drug comprised by the solid 
composition of the present invention will be illustrated in 
detail with reference to Fig. 1- 

When the solid composition 10 of the present invention 
is orally administered, the liquid in the digestive tract, 
such as gastric juice or intestinal juice, penetrates into 
the inside of the solid composition, and along with the 
dissolution of the solid composition, microparticles 12 are 
formed. Thereafter, the ultra -sparingly water-soluble drug 
contained in the microparticles 12 is eluted into the liquid 
such as gastric juice or intestinal juice. The eluted 
ultra- sparingly water-soluble drug is absorbed through the 
mucous membrane of the digestive tract, such as the gastric 
mucous membrane or the intestinal mucous membrane. 

Since the ultra- sparingly water-soluble drug, the 
polymer base and the surfactant have different solubilities, 
the make-up of the microparticles 12 is different from the 
make-up of the solid composition 10. That is, the 
microparticles 12 have an increased proportion of the ultra- 
sparingly water-soluble drug and decreased proportions of 
the polymer base and the surfactant, compared with the solid 
composition 10. Even if the make-up is such that the 
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concentration of the ultra- sparingly water- soluble drug is 
so high that the ultra- sparingly water-soluble drug cannot 
be dispersed in the polymer base as a solid composition, the 
make-up can exist as microparticles. 

Herein, whether the sparingly water-soluble drug 
comprised by the microparticles is crystalline or amorphous, 
can be determined by the presence or absence of diffraction 
peaks in the powdered X-ray crystal diffraction of the 
microparticles . 

In Fig. 1, the solid composition 10 is shown as a 
powder or a particulate matter, for the convenience of 
depiction. However, the solid composition is not 
necessarily a powder or a particular matter . 

Furthermore, the step of forming microparticles 
includes disintegration of a solid preparation for internal 
use. Here, the term "disintegration" refers to a phenomenon 
in which a molded preparation for internal use breaks down 
in the liquid of the digestive tract or the like and 
disperses at least to the level of the constituent particles. 
Disintegration does not necessarily mean complete 
dissolution of the active ingredient, for example, the 
ultra- sparingly water-soluble drug. 

The ultra- sparingly water-soluble drug used in the 
present invention is not particularly limited as long as the 
solubility of the drug is less than 10 jag/ml in water, the 
Japanese Pharmacopoeia first fluid or the Japanese 
Pharmacopoeia second fluid, all at a temperature of 37°C. 
The drug is acceptable if the required solubility of the 
drug is satisfied for any of water, the Japanese 
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Pharmacopoeia first fluid and the Japanese Pharmacopoeia 
second fluid under the conditions of 37°C. The solubility 
is preferably less than 5 ug/ml, more preferably less than 2 
ug/ml. Also, from the viewpoint that many drugs are usually 
absorbed around the small intestine, a solubility of the 
drug in the Japanese Pharmacopoeia second fluid is 
preferably less than 10 ug/ml, more preferably less than 5 
ug/ml, even more preferably less than 2 ug/ml. 

Furthermore, when a solid composition comprising the 
ultra- sparingly water-soluble drug in an amorphous state, a 
polymer base and a nonionic surfactant, is dispersed in a 
liquid, the solid composition forms microparticles having a 
particle size of 1 urn or less. In this case, a drug having 
a solubility of less than 10 ug/ml is preferred because it 
can be kept amorphous. 

Also, the ultra -sparingly water-soluble drug used in 
the present invention may be in the form of a salt that is 
generally used in formulation. 

Furthermore, with regard to the liquid for dispersing 
the solid composition, water is a model of achlorhydria or 
the gastric juice of aged people, the Japanese Pharmacopoeia 
first fluid is a model of the normal human gastric juice, 
and the Japanese Pharmacopoeia second fluid is a model of 
the normal human intestinal fluid. The Japanese 
Pharmacopoeia first fluid and second fluid are defined in 
the section of disintegration test in the 12th edition of 
the Japanese Pharmacopoeia- The Japanese Pharmacopoeia 
first fluid is an aqueous solution having a pH value of 
about 1.2, prepared by adding water to 2 g of sodium 
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chloride and 7.0 ml of hydrochloric acid so as to reach the 
volume of 1000 ml. The Japanese Pharmacopoeia second fluid 
is an aqueous solution having a pH value of about 6.8, 
prepared by adding water to 250 ml of a 0 . 2 M aqueous 
solution of potassium dihydrogen phosphate and 118 ml of a 
0.2 N aqueous solution of sodium hydroxide so as to reach 
the volume of 1000 ml. 

The term solubility as used herein means the amount 
dissolved within 3 0 minutes when a drug, powdered in the 
case of being solid, is added in a solvent and vigorously 
shaken to be mixed for 30 seconds at an interval of 5 
minutes . 

The type of the ultra- sparingly water-soluble drug 
used in the present invention is not particularly limited. 
For example, an anti-ulcer agent, an agent for 
psychoneurotic disorders, an anti-tumor agent, an antibiotic, 
a diuretic, a drug for central nervous system, a hypnotic or 
sedative, an anti-anxiety drug, an antiepileptic , an anti- 
inflammatory antipyretic analgesic, a stimulant, an 
anthypnotic, an antiparkinsonian agent, a skeletal muscle 
relaxant, a drug for autonomic nervous system, a spasmolytic 
agent, a cardiotonic agent, an antiarrhythmic agent, an 
antihypertensive drug, a vasodilator, an antilipidemic agent, 
a circulatory drug, a respiratory stimulant, an antitussive, 
an expectorant, a bronchodilator and the like may be 
mentioned. 

Preferable examples of the ultra- sparingly water- 
soluble drug include benzodiazepine derivatives which have a 
gastrin antagonistic action and act as anti-ulcer agents. 
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For example, the benzodiazepine derivatives described in 
PCT/JP91/01720 (WO 92/11246) , PCT/JP94/01094 and the like 

may be mentioned. 

Other examples thereof include benzoazepine 
derivatives which are vasopressin antagonists. For example, 
condensed benzoazepine derivatives (PCT/ JP94/01183 and the 
like) and benzoazepine derivatives (PCT/ JP94/01409 and the 
like) , benzodiazepine derivatives (PCT/ JP91/01720 (WO 
92/11246)) may be mentioned. 

The polymer base used in the present invention is not 
particularly limited as long as the polymer base is 
pharmaceutical ly acceptable and can disperse an ultra- 
spar ingly water-soluble drug in an amorphous state 



For 



example, water-soluble polymers or enteric polymers may be 
mentioned. 



Examples of the water-soluble polymer include 
hydroxypropylmethylcellulose (for example, trade name TC-5, 
METOLOSE 90 and METOLOSE 65SH by Shin-Etsu Chemical Co., 
Ltd.), hydroxypropylcellulose (for example, trade name 
NISSO-HPC by Nippon Soda Co., Ltd.), methylcellulose (for 
example, trade name METOLOSE SM by Shin-Etsu Chemical Co., 
Ltd.), hydroxyethylcellulose (for example, trade name 
NATROSOL by Hercules Japan, Ltd.), polyvinylpyrrolidone (for 
example, trade name KOLLIDON by BASF Japan, Ltd.), macrogol 
(for example, trade name NISSO Polyethylene glycol #6000 by 
Nippon Soda Co., Ltd.), and the like. Preferably, 
hydroxypropyl methylcellulose, hydroxypropylcellulose, 
methylcellulose and hydroxyethylcellulose may be mentioned, 
f Examples of the enteric polymer include J 
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hydroxypropylcellulose phthalate (for example, trade name 
HPMCP by Shin-Etsu Chemical Co., Ltd.), 

hydroxypropylmethylcellulose (for example, trade name SHIN- 
ETSU AQOAT by Shin-Etsu Chemical Co., Ltd.). carboxymethyl 
ethylcellulose (for example, trade name CMEC by Freund 
Corporation), cellulose acetate phthalate (for example, 
trade name CAP by Wako Pure Chemical Industries, Ltd.), 
methacrylic acid copolymers (for example, trade name 
EUDRAGIT L, EUDRAGIT S and EUDRAGIT L3 0D-55 by Rohm Pharma 
GmbH) , and the like . 



The amount of the polymer base is 0.5 to 20 parts by 
weight, preferably 1 to 10 parts by weight, more preferably 
1 to 5 parts by weight, relative to 1 part by weight of the 
ultra- sparingly water-soluble drug. This is because if the 
amount is less than 0.5 parts by weight, the polymer base 
may be frequently insufficient for amorphizing the drug. If 
the amount exceeds 2 0 parts by weight, the volume of the 
preparation is so large that it is difficult to take the 
preparation by mouth, and thus it is not preferable in 
practice. The polymer bases may be used singly or as the 
admixture of two or more if necessary. 

Examples of the noiiionic surfactant used in the 
present invention include, but not limited to, fatty acid 
esters and ethers . 

Examples of the fatty acid esters include sucrose 
fatty acid esters (sugar esters) , polyethylene glycol fatty 
acid esters, sorbitan fatty acid esters, propylene glycol 
fatty acid esters, polyoxyethylene hardened castor oil, 
polyoxyethylene sorbitan fatty acid esters, glycerin fatty 
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acid esters, polyoxyethylene glycerin fatty acid esters, and 
polyoxyethylene sorbite fatty acid esters. Examples of the 
ethers include polyoxyethylene alkyl ethers, block polymer 
type ethers, and polyoxyethylene alkyl allyl ethers. Among 
them, polyoxyethylene hardened castor oil, polyoxyethylene 
sorbitan fatty acid esters and block polymer type ethers are 
particularly preferred. 

Examples of the polyoxyethylene hardened castor oil 
include hydrogenated castor oil polyoxyethylene ethers, 
polyoxyethylene hydrogenated castor oil, polyoxyethylene 
hardened castor oil (20E.O), polyoxyethylene hardened castor 
oil (5E.O), polyoxyethylene hardened castor oil 50 (HCO-50) , 
and polyoxyethylene hardened castor oil 60. 

Examples of the polyoxyethylene sorbitan fatty acid 
esters include Polysorbate 40 (Tween 40) , Polysorbate 60 
(Tween 60), Polysorbate 65, Polysorbate 80 (Tween 80), and 
polyoxyethylene sorbitan monolaurate (20E.O) . 

Examples of the block polymer type ethers include 
polyoxyethylene [160] polyoxypropylene [30] glycol (Pluronic 
F68), and polyoxyethylene oxypropylene cetyl ether (20E.O 
4P.O) . 

The amount of the nonionic surfactant is 0.1 to 3 
parts by weight, preferably 0.2 to 1.5 parts by weight, more 
preferably 0.25 to 1.25 parts by weight, relative to 1 part 
by weight of the ultra- sparingly water-soluble drug. This 
is because if the amount is less than 0.1 parts by weight or 
more than 3 parts by weight, it is difficult for the solid 
composition to form microparticles when dispersed in a 
liquid. The nonionic surfactant can be used singly or as 
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the admixture of two or more if necessary. The nonionic 
surfactant may be added together with the ultra- sparingly 
water-soluble drug and the polymer base during the 
production of a solid dispersion. Also, the nonionic 
surfactant may be added after the production of a solid 
dispersion of the ultra- sparingly water-soluble drug and the 
polymer base. 

The constitution ratio of the ultra- sparingly water- 
soluble drug, the polymer base and the nonionic surfactant 
used in the present invention is (ultra -sparingly water- 
soluble drug) : (polymer base) : (nonionic surfactant) = 1: (0.5 
to 20) : (0.1 to 3) by weight. A preferred constitution ratio 
is (ultra-sparingly water-soluble drug) : (polymer 
base) : (nonionic surfactant) = 1: (1 to 10) : (0.1 to 3) . 
Preferably, the constitution ratio is 1:(0.5 to 20): (0.25 to 
15) and more preferably 1:(1 to 10) : (0.25 to 1.5) • 

With regard to the microparticles formed when the 
solid composition is dispersed in a liquid such as water or 
buffer solution, the constitution ratio of the ultra- 
sparingly water-soluble drug, the polymer base and the 
nonionic surfactant is preferably (ultra-sparingly water- 
soluble drug) : (polymer base) : (nonionic surfactant) = 1: (0.01 
to 1.) : (0.1 to 0.5) by weight. A more preferred constitution 
ratio is (ultra-sparingly water-soluble drug) : (polymer 
base) : (nonionic surfactant) = 1:(0.1 to 0.6): (0.1 to 0.4) by 
weight. 



The solid composition of the present invention is 
obtained by dissolving or suspending an ultra-sparingly 
water-soluble drug, a polymer base and a nonionic surfactant 
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in a solvent, and removing the solvent from the resulting 
solution by drying under reduced pr essure, lyophilization, 
spray drying or the like. 



Although the obtained powder or 
particulate matter may be used as it is, it may be also 
prepared into fine granules, granules, tablets, capsules or 
the like, which are conventionally known as oral 
preparations, together with excipients that are acceptable 
in preparations . 

The solid composition of the present invention can 
also be dispersed in water and optional excipients are added 
thereto so as to obtain a liquid preparation for oral 
administration. 



Brief Description of Drawings 

Fig. 1 shows the mechanism of the absorption of the 
drug comprised by the solid composition of the present 
invention. 

Fig. 2 shows the particle size distribution obtained 
when the solid composition of Example 1 is dispersed in 
water . 

Fig. 3 shows the particle size distribution obtained 
when the solid composition of Comparative Example 1 is 

dispersed in water. 

Fig. 4 shows the particle size distribution obtained 
when the solid composition of Control Sample 4 is dispersed 
in water . 

Fig. 5 shows the plasma drug concentrations obtained 
when the solid compositions of Example 1 and Control Sample 
1 are orally administered to a dog. 

15 

13-03-2008 



Printed: 17-03-2008 ODOCP EP 98 305 960 

W096/1923 9 (English Translation) 

Fig. 6 shows the plasma drug concentrations obtained 
when the solid compositions of Example 1 and Control Sample 
2 are orally administered to a dog. 

Fig. 7 shows the particle size distribution obtained 
when the solid composition of Comparative Example 5 is 
dispersed in water. 

Fig. 8 shows the particle size distribution obtained 
when the solid composition of Comparative Example 6 is 
dispersed in water. 

Best Mode for Carrying Out the Invention 

Hereinafter, the present invention will be more 
specifically described by way of Examples, Comparative 
Examples and Experimental Examples, but the present 
invention is not construed as being limited to these. 

The particle size was measured using a particle size 
distribution measurement analyzer, LA- 910, manufactured by 
Horiba Instruments, Ltd. The drugs used in Examples, 
Comparative Examples and Experimental Examples had the 
solubility values (|ig/ml) in the Japanese Pharmacopoeia 
second fluid, which is a buffer solution having a pH value 
of about 6.8, as summarized in Table 1. 

Table 1. Solubility of various drugs in Japanese 
Pharmacopoeia second fluid 



Compound name 


Solubility (ng/ml) 


YM022 


0.0041 


YM087 


1.8 


Nifedipine 


10 



Example 1 {not translated) 
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Comparative Example 1 {not translated) 



Example 2 



The Ig of 4' - [ (2-methyl-l, 4, 5 , 6-tetrahydroimidazo [4 , 5- 
d] [l]benzazepin-6-yl) carbonyl] -2-ptienylbenzanilide 
(hereinafter referred to YM087) , 



3g of 



hydroxypropylmethylcellose and 0 . 5g of polyoxyethylene 
hardened castor oil were dissolved in a mixed solvent of 
methylene chloride and methanol (8:2), and spray-dried to 
obtain a powder of solid composition. 

The analysis of the obtained powder with the powder X- 
ray diffraction method revealed that YM0 8 7 in the powder was 
amorphous . The obtained powder was dispersed in the 
Japanese Pharmacopoeia second fluid defined in the section 
of disintegration test in the 12 th edition of the Japanese 
Pharmacopoeia so that microparticles having a particle size 
of 0.1 to 1 /im were obtained. 

*** (The other Examples, Comparative Examples and 
Experimental Examples are not translated) 

Industrial Applicability 

According to the present invention, when the solid 
composition comprising an amorphized, ultra- sparingly water- 
soluble drug having a solubility of less than 10 jag/ml, a 
polymer base and a nonionic surfactant is dispersed in a 
liquid, it can stable microparticles having a particle size 
of 1 jam or less and thereby improves- the absorption through 
the digestive tract. 
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According to the present invention, an ultra- sparingly 
water- soluble drug can maintain amo rphousne s s after forming 
the microparticles so that good elusion is maintained. 

The ultra- sparingly water-soluble drug is eluted in 
the steps until or after the microparticles are formed, the 
solubility can be maintained in a long period of time such 
as three to seven days or more after the ultra- sparingly 
water-soluble drug is dispersed in a liquid- That is, 
according to the invention, the solid dispersion dispersed 
in a liquid can be kept stable for a long period of time. 



1 A/ia 
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